Introduction
Vaccination is one of the most cost-effectively preventive approaches against infectious diseases. The recombinant DNA derived subunit vaccines offer significant advantages over the traditional vaccines in term of safety and production cost. Nevertheless, they are poorly immunogenic due to the lack of innate immune stimulus and require addition of adjuvant to improve their efficacy (1) . Therefore, searching for new adjuvants has become a hot topic (2) .
Ginseng, the root of Panax ginseng C. A. Meyer (Araliaceae), has been utilized as a traditional medicine in China for thousands of years (2, 3) and is officially recorded in the Chinese Pharmacopoeia as well as in the Chinese Veterinary Pharmacopoeia (4, 5) . Ginseng saponins, i.e. ginsenosides, are believed to be the main pharmacologically active constituents in P. ginseng (6) . Currently, >40 ginsenosides have been identified and are classified into several types by their special chemical structures (protopanxadiol, propanaxatriol and oleanolic acid) (7) (8) (9) . Recent investigations showed that ginsenosides were biologically active in anti-tumor (10) , antioxidant (11) , anti-inflammatory (12) and adjuvant actions (13) (14) (15) (16) (17) . After comparing the various types of ginsenosides, Sun et al. (18) found that ginsenoside Rg3 was one of the potent vaccine adjuvants. In the ginseng root, two optical isomers of 20(R)-Rg3 and 20(S)-Rg3 were found (19) . They are epimers of each other depending on the position of the hydroxyl (OH) group on carbon-20 ( Fig. 1) , and this epimerization is known to be produced by the selective attack of the OH group after elimination of the glycosyl residue at carbon-20 (19) . Stereospecifity of Rg3 was observed for their pharmacological actions. 20(S)-Rg3 was reported to lower blood pressure by endothelium-dependent relaxation in rat aorta (20) , induce Hela cell apoptosis (21) and inhibit metastasis of B16 melanoma in the lung of mice (22) . 20(R)-Rg3 was found to inhibit the proliferation of hepatocellular carcinoma in SD rats (23) and have anti-fatigue effect in rats by increase in the storage of hepatic glycogen and decrease in the accumulation of metabolites such as lactic acid and serum urea nitrogen (24) . It was also found that 20(R)-Rg3 had stronger anti-tumor activity than 20(S)-Rg3 (25) . However, it is not yet known whether the adjuvant activity of Rg3 is stereospecific.
In this study, we compared 20(R)-Rg3 and 20(S)-Rg3 for their adjuvant effect on T h 1/T h 2 immune responses to ovalbumin (OVA) in mice. OVA was used as it is a model antigen commonly used to test the adjuvant effect of chemicals (26) .
Methods

Reagents
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Con A and LPS were the products of Sigma Chemical Co., Saint Louis, MO, USA; goat anti-mouse IgG peroxidase conjugate was from Kirkegaard & Perry Laboratories, Inc., USA; goat anti-mouse peroxidase conjugate IgG1, IgG2a, IgG2b and IgG3 were from Southern Biotech. Assoc., Birmingham, AL, USA; RNAiso TM plus was from TaKaRa Biotechnology (Dalian) Co., Ltd. China; revert AidTM M-MuLV reverse transcriptase was from Fermentas, USA; diethylpyrocarbonate (DEPC) and ribonuclease inhibitor was from Biobasic, Canada; Oligo (dT) 18 was from Sangon, China. 20(R)-ginsenoside Rg3 and 20(S)-ginsenoside Rg3 extracted from the root of P. ginseng were from Tauto Biotech (Shanghai) Co., Ltd. China. Both types of Rg3 were white powder at a purity of 98% with molecular weight of 785.01328 and molecular formula of C 42 H 72 O 13 (Fig. 1) .
Animals care
Thirty-two female BALB/c mice (Grade II, 5 weeks old) weighing 16-18 g were purchased from Zhejiang Experimental Animal Center (Certificate No. 22-2001001, Hangzhou, China) and acclimatized for 1 week prior to use. The animals were housed in polypropylene cages with sawdust bedding in hygienically controlled environment with a temperature of 24 6 1°C, humidity of 50 6 10% and a 12/12-h light/ dark cycle. Feed and water were supplied ad libitum. Experiments on animals were performed based on animal ethic guidelines of Institutional Animal Ethics Committee.
Immunization
Thirty-two female BALB/c mice were divided into four groups, each consisting of eight mice. Animals were subcutaneously immunized with OVA 10 lg alone or OVA 10 lg mixed with 20(R)-Rg3 (50 lg) or 20(S)-Rg3 (50 lg); mice injected with saline alone served as a control. After 2 weeks, a boosting injection was administered. Blood samples were collected 2 weeks after the booster immunization for detection of OVA-specific antibody and western blot analysis. Splenocytes were harvested for determination of lymphocyte proliferation and cytokines mRNA expression.
Measurement of OVA-specific antibody
Serum OVA-specific IgG and the IgG subclasses were measured by an indirect enzyme-linked immunosorbent assay. The wells of polyvinyl 96-well microliter plates were coated with 100 ll of OVA solution (25 lg ml À1 in 50 mM carbonate-bicarbonate buffer, pH 9.6) and incubated overnight at 4°C. After washing with PBS containing 0.05% Tween-20 (PBST), the plates were blocked with 3% FCS in PBS and incubated for 2 h at 37°C. After another washing, 100 ll of series of diluted sera sample or 1% FCS as control were added in triplicate. After washing, aliquots of 100 ll of HRP conjugate of rabbit anti-mouse IgG (1:2000) , goat antimouse IgG1 (1:500), IgG2a (1:500), IgG2b (1:500) or IgG3 (1:500) with 1% FCS were added and incubated at 37°C for 2 h. Plates were washed again with PBST. After that, 100 ll of 3,3#,5,5#-tetramethyl benzidine solution (100 lg ml À1 of 0.1 M citrate-phosphate, pH 5.0) was added and incubated for 15 min at 37°C. The reaction was stopped by adding 50 ll of 2 M H 2 SO 4 to each well. The optical density was measured by an automatic ELISA plate reader at 450 nm.
Splenocyte proliferation assay in vitro
Spleen was collected 2 weeks after the booster immunization under aseptic conditions and rinsed with HBSS (Sigma). The organs were minced and passed through a fine steel mesh to obtain a homogenous cell suspension, then added to 0.83% NH 4 Cl in 0.01 M Tris-HCl (pH 7.2) to the suspension to lyse contaminated erythrocytes. After centrifugation (380 3 g for 10 min at 4°C), a white cloud-like lymphocytes' band was collected and washed twice with RPMI 1640 media. Finally, the splenic lymphocytes were re-suspended 
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to 5 3 10 6 cells ml À1 of RPMI 1640 medium supplemented with 0.05 mM 2-mercaptoethanol, 100 IU ml À1 penicillin, 100 lg ml À1 streptomycin and 10% heat inactivated FCS. Cell viability was estimated according to the trypan blue exclusion method and the purity of splenic lymphocytes was >95% (27) . After that, 100 ll of the cell suspension was added to a 96-well flat bottom microliter plate (Corning Costar Inc., USA). Thereafter, Con A (final concentration 5 lg ml À1 ), LPS (final concentration 7 lg ml À1 ), OVA (final concentration 100 lg ml À1 ) or medium were added to give a final volume of 200 ll. The plates were incubated at 37°C in a humid atmosphere with 5% CO 2 for 48 h. At the 44 h, 50 ll of MTT solution (2 mg ml À1 ) were added to each well. The plates were centrifuged (1400 3 g, 5 min) and the untransformed MTT was carefully removed with the use of a pipette. Dimethyl sulfoxide (DMSO) working solution (144 ll DMSO with 6 ll 1 M HCl) (150 ll) was added to each well. After 15 min for reaction, the absorbance was evaluated in an ELISA reader at 570 nm with a 630 nm reference. The stimulation index (SI) was calculated based on the following formula: SI = the absorbance value for mitogen cultures/the absorbance value for nonstimulated cultures.
Quantification of target genes by real-time PCR
Splenocytes were prepared as described above, and the cells were stimulated by incubation with OVA (final concentration at 100 lg ml À1 ) in 24-well culture plates at 37°C in 5% CO 2 . After 15 h, the plate was centrifuged at 380 3 g for 5 min and washed with PBS, and splenocytes were collected for RNA extraction. Splenocytes were lysed in 1 ml of RNAiso TM Plus reagent and the total RNA was isolated according to the manufacture's protocol. The concentration of total RNA was quantified by determining the optical density at 260 nm. The total RNA was used for reverse transcription by mixing 2 lg of RNA with 0.5 lg Oligo(dT) 18 primer in a sterile tube. Nuclease-free water was added giving a final volume of 12.5 ll. This mixture was incubated at 70°C for 5 min and chilled on ice for 2 min. The solution containing 4 ll of M-MuLV 5 3 reaction buffer, 2 ll of 10 mM dNTP and 20 U of ribonuclease inhibitor, and DEPC-treated water was then added to give a final volume of 19 ll and were incubated for 5 min at 37°C. After addition of 200 U of M-MuLV reverse transcriptase, the tubes were incubated for 60 min at 42°C. Finally, the reaction was stopped by heating at 70°C for 10 min and stored at À20°C until further use.
Amplification was carried out in a total volume of 20 ll containing 10 ll of SYBR Premix EX Taq TM II (Takara, China), 0.4 ll of ROX Reference Dye (Takara, China), 2 ll of cDNA template, 6 ll of DDwater, and 0.8 ll (10 lM) of each cytokine-or transcription factor-specific primers (Sangon Co., Ltd. Shanghai, China) ( Table 1) . PCR parameters were as follows: 95°C for 2 min, 50 cycles at 95°C for 15 s and 65°C for 30 s, followed by dissociation stage at 95°C for 15 s, 60°C for 1 min, 95°C for 15 s and 60°C for 15 s. Relative quantification between samples was achieved by the 2 ÀDDCT method (28) and calculated by software REST 2005 (gifted by Eppendorf company) and was reported as the n-fold difference relative to target gene mRNA expression in the calibrator group (in the group, mice were administered saline only). for 1 h at room temperature. After the final wash, the immunoblot was examined by BeyoECL Plus (Beyotime Biotechnology, China) according to the manufacturer's instructions. The membrane was exposed to an X-ray film, which was later developed. The intensity of the resulting bands was quantified by the Quantity Oneâ 1-D Analysis Software Version 4.6.2 (BioRad, Hercules, CA, USA).
Statistical analyses
Data were expressed as means 6 standard deviations. Duncan's test was used to compare the parameters between groups by using SPSS 13.0. P-values of <0.05 were considered statistically significant.
Results
Effect of 20(R)-Rg3 and 20(S)-Rg3 on splenocyte proliferation
The effects of ginsenosides 20 -CTGCCTGACGGCCAGGTC-3#  150  5#-TTTACGGATGTCAACGTCACACT-3#  IL-12  5#-CAAGCTCAGGATCGCTATTACAATT-3# 149  5#-GGGGACTCTTCCATCCTGAG-3#  IFN-c 5#-GCTTTGCAGCTCTTCCTCATG-3#  112  5#-CTTCCACATCTATGCCACTTGAG-3#  IL-4 5#-AGAGACTCTTTCGGGCTTTTC-3# 144 5#-GCATGGTGGCTCAGTACTAC-3# IL-10 5#-GGGTTGCCAAGCCTTATCG-3# 113 5#-GCTTCTCACCCAGGGAATTC-3# T-bet 5#-CGAGGACTACGCATTGCC-3# 147 5#-GACAGGAATGGGAACATTCGC-3# GATA-3 5#-TGGAGGAGGAACGCTAATG-3# 223 5#-ATGACATGTGTCTGGAGAGAGC-3# Rg3 (P < 0.05) while both groups had significantly higher splenocyte response than the mice immunized with OVA alone (P < 0.05).
Effect of 20(R)-Rg3 and 20(S)-Rg3 on the serum IgG and the IgG subclasses
OVA-specific IgG levels in the sera of OVA-immunized mice are shown in Fig. 3 . Mice immunized with OVA + 20(R)-Rg3 had significantly higher IgG response than the mice immunized with OVA + 20(S)-Rg3 (P < 0.001) while both groups had significantly higher IgG levels than the mice immunized with OVA alone (P < 0.001). The IgG subclasses IgG1, IgG2a, IgG2b and IgG3 in the sera of OVA-immunized mice are also shown in Fig. 3 
Discussion
Ginseng is one of the most popular traditional Chinese medicines. As a general tonic, the root has been officially written in the Chinese Pharmacopoeia (4) . With the expanding demands of ginseng, the global production of this herbal medicine was 3500 tons in 2004 and was estimated to 
Stereospecificity of Rg3 in immune response
CD56+CD3+ cells in lung cancer 469
increase to 6000 tons in 2010, accounting for the secondhighest selling herbal supplement in the United States and Europe (29) . Because of its diverse pharmacological activities, ginseng has been reported to have therapeutic effects on the central nervous system disorders, cardiovascular diseases, endocrine secretion, aging and immune function (30) (31) (32) (33) . Recently, we have found that ginseng extracts have adjuvant properties to enhance the immune responses to vaccines in mice, guinea pigs, cattle, pigs and chickens (13) (14) (15) (34) (35) (36) .
In order to improve its pharmacological activities, ginseng is usually processed into red ginseng by steaming the root at high temperature for hours (37) . During the processing, many new constituents are produced because steaming induces changes in chemical composition. For example, ginsenosides Rg3, Rg5, Rh2 and Rk1 are found only in red ginseng, and they are believed to be transformed from diol or triol tyoes of ginsenosides through hydrolysis (38) (39) (40) . As Rg3 has multiple pharmacological activities, it has attracted much attention. There are two types of ginsenoside Rg3, 20(R)-Rg3 and 20(S)-Rg3. They are epimers of each other depending on the position of the hydroxyl (OH) group on carbon-20, and this epimerization is known to be produced by the selective attack of the OH group after elimination of the glycosyl residue at carbon-20 during the steaming process (41) . In weak acid condition, protopanxadiol such as Rb1, Rb2, Rc and Rd is bio-conversed into 20(S)-Rg3, and the S configuration is then transformed into R form (42, 43) . The newly formed ginsenosides were reported to include 20(S)-Rg3 32.8%, 20(R)-Rg3 7.3%, Rk1 15.7% and Rg5 18.6% in the n-BuOH fraction of a red ginseng (38) . (Fig. 4) .
The capacity to elicit an effective cellular immunity can be measured by lymphocyte proliferation (49) . The lymphocyte proliferative response varied depending on the mitogen used. 20(R)-Rg3 and 20(S)-Rg3 both significantly enhanced splenocyte proliferation induced by Con A, LPS and OVA, suggesting that T and B cells were activated. But 20(R)-Rg3 group showed higher responses than 20(S)-Rg3 group as indicated in Fig. 2 . In order to induce antibody production, activated B lymphocytes are required for clone expansion. The enhanced splenocyte response to OVA stimulation paralleled the increased serum IgG response detected in the mice injected with OVA plus Rg3.
In 
